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(57) ABSTRACT

Embodiments of the present invention provide a cell dis-
covery method and apparatus, where the method includes:
determining, by a second network node, modified timing of
the second network node according to acquired timing
modification information; receiving, by the second network
node, uplink resource imnformation of user equipment sent by
a first network node; performing, by the second network
node, detection on an uplink signal of the user equipment by
using the modified timing and according to the uplink
resource mnformation; and when detecting proximity of the
user equipment, sending, by the second network node,
proximity information to the first network node. The cell
discovery method and apparatus provided in the embodi-
ments of the present mnvention prevent from triggering UE to
perform unnecessary cell measurement or handover, thereby
reducing network signaling load and lowering power con-
sumption of the UE.
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A first network node sends timing modification information to a second
network node, where the timing modification intormation is used by the 301
second network node to determine modified timing of the second
network node according to the timing modification information

| The first network node sends uplink resource information of UEtothe | 302
second network node '

The first network node receives proximity information sent by the
second network node, where the proximity information 1is obtained, by
the second network node by performing detection on an uplink signal of | 303
the user equipment by using the modified timing and according to the
uplink resource information, when the second network node detects
proximity of the UE

The first network node instructs, according to the proximty message,
the UE in proximity to the second network node to perform - 304
measurement and handover ~
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First network node Second network node

401. Timing modification information

402. Recetve the timing modification
information sent by the first network

node, and determine modified timing of
the second network node according to the
timing modification information

403. Uplink resource information of UE

404. Receive the uplink resource
information of the UE sent by the first
network node, and perform detection on

an uplink signal of the UE by using the
modified timing and according to the
uplink resource information

405. When detecting proximity of the UE,
the second network node sends proximity
information to the first network node

406. Receive the proximity information
sent by the second network node, and
instruct, according to the proximity
message, the UE in proximity to the
second network node to perform
measurement and handover
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First network node Second network node

501. Distance value between the second
_ network node and the ﬁrstnetwor_k node

502. The second network node
determines, according to the distance
value, a timing advance of a position, in
the second network node, of UE served
by the first network node, and the second
network node determines modified timing
of the second network node according to
timing of the first network node and the

timing advance

503. Uplink resource information of the UE

504. The second network node performs
detection on an uplink signal of the UE
by using the modified timing and
according to the uplink resource
information

505. When detecting proximity of the UE,
the second network node sends proximity
information to the first network node

506. Receive the proximity information
sent by the second network node, and
instruct, according to the proximity
message, the UE 1n proximity to the

second network node to perform
measurement or handover
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First network node Second network node

601. Timing advance of at least one UE
to be handed over from the first network
node to the second network node

602. The second network node
determines, according to the timing
advance, a timing advance of a position,
in the second network node, of UE served
| by the first network node, and determines

modified timing of the second network
node according to timing of the first
network node and the determined timing
advance

603. Uplink resource information of the UE

604. The second network node performs
detection on an uplink signal of the UE
by using the modified timing and

according to the uplink resource
information

605. When detecting proximity of the UE,
the second network node sends proximity
Information to the first network node

606. Receive the proximity information
sent by the second network node, and
instruct, according to the proximity
message, the UE in proximity to the
second network node to perform
measurement or handover
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_ First network node Second network node

701. Timing advance of a position, in the
second network node, of UE served by
the first network node

702. The second network node
determines modified timing of the second
network node according to timing of the
first network node and the timing advance
of the position, in the second network
node, of the UE served by the first
network node

703. Uplink resource information of the UE

704. The second network node performs
detection on an uplink signal of the UE
by using the modified timing and
according to the uplink resource
information

705. When detecting proximity of the UE,
the second network node sends proximity
information to the first network node

706. Receive the proximity information
sent by the second network node, and
instruct, according to the proximity

message, the UE 1n proximity to the
second network node to perform
measurement or handover

FIG. 7
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First network node Second network node

801. Timing of the second network node _

802. The second network node uses
received timing of the second network
node as modified timing of the second
network node

803. Uplink resource information of UE

804. The second network node performs
detection on an uplink signal of the UE
by using the modified timing and
according to the uplink resource
information

805. When detecting proximity of the UE,
the second network node sends proximity
information to the first network node

806. Receive the proximity information
sent by the second network node, and
instruct, according to the proximity

message, the UE in proximity to the
second network node to perform
measurement or handover

FIG. &



U.S. Patent

b Determining
L module

Apr. 30, 2019

Receiving
module

- 902

FIG. 9

Sending ~ Receiving

Sheet 8 of 8

Detection
module

module module

FIG. 10

1100

Recelver

Processor {—

L1101 L1102

F1G. 11

1200

Sender Receiver

F1G. 12

US 10,278,101 B2

Sending
module

Processing |

module

1003

Sender

Processor

L1203



US 10,278,101 B2

1

CELL DISCOVERY METHOD AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS D

This application 1s a continuation of International Appli-
cation No. PCT/CN2013/077229, filed on Jun. 14, 2013,

which 1s hereby incorporated by reference in 1ts entirety.
10

TECHNICAL FIELD

The present invention relates to communications tech-
nologies, and 1n particular, to a cell discovery method and
apparatus. 15

BACKGROUND

To satisiy or enhance performance of a wireless commu-
nications system, base stations of different types or diflerent 20
standards are deployed in a homogeneous network, so that
coverage areas of a base station or a transmit/receive node
with a low transmit power, for example, a micro base station
(Micro BS), a pico base station (Pico BS), a femto base
station (Femto BS), a home base station (Home BS), a relay 25
base station (Relay BS), a radio remote head (RRH) and
wireless fidelity (Wi-Fi1) hotspot cell, a long term evolution
high-fidelity (LTE HIFI) cell, and user equipment (UE) in
direct device-to-device (D2D) communication are included,
so as to enhance coverage and performance of the network. 30
Such a network structure 1s called a heterogeneous network.

To 1mprove efliciency of performing cell search and
measurement by UE, i the prior art, a pico cell listens to
whether UE of a macro cell 1s 1 proximity, and when
detecting that the UE of the macro cell 1s in proximity, the 35
pico cell notifies the macro cell of proximity information, so
that the macro cell instructs the UE of the macro cell to
perform signal measurement on a frequency of the pico cell
or the pico cell, and when a condition 1s satisfied, and the
macro cell 1s triggered to hand over the UE of the macro cell 40
to the pico cell, thereby improving, by performing purpose-
tul search and measurement 1n a small range, the efliciency
ol cell search and measurement.

In the prior art, a large quantity of unnecessary UEs of
macro cells are triggered to perform signal measurement on 45
a frequency of a pico cell, which increases network signaling
load and increases power consumption of UEs.

SUMMARY
50

Embodiments of the present immvention provide a cell
discovery method and apparatus, to prevent from triggering
UE to perform unnecessary cell measurement or handover.

According to a first aspect, an embodiment of the present
invention provides a cell discovery method, where the 55
method includes:

determining, by a second network node, modified timing,
of the second network node according to acquired timing
modification information;

receiving, by the second network node, uplink resource 60
information of user equipment sent by a first network node;

performing, by the second network node, detection on an
uplink signal of the user equipment by using the modified
timing and according to the uplink resource information; and

when detecting proximity of the user equipment, sending, 65
by the second network node, proximity information to the
first network node.

2

In a first possible implementation manner of the first
aspect, before the determining, by a second network node,
modified timing of the second network node according to
acquired timing modification information, the method fur-
ther includes:

recerving, by the second network node, the timing modi-
fication information sent by the first network node or a
network administration and maintenance entity.

According to the first possible implementation manner of
the first aspect, 1n a second possible implementation manner,
the timing modification imformation includes: a distance
value between the second network node and the first net-
work node:; and

the determining, by a second network node, modified
timing of the second network node according to acquired
timing modification information includes:

determining, by the second network node according to the
distance value, a timing advance of a position, 1n the second
network node, of the user equipment served by the first
network node; and

determining, by the second network node, the modified
timing according to timing of the first network node and the
timing advance.

According to the first possible implementation manner of
the first aspect, 1n a third possible implementation manner,
the timing modification information includes: a timing
advance of at least one user equipment handed over from the
first network node to the second network node; and

the determining, by a second network node, modified
timing of the second network node according to acquired
timing modification info 1llation includes:

determining, by the second network node according to the
timing advance, a timing advance of a position, in the second
network node, of the user equipment served by the first
network node; and

determining, by the second network node, the modified
timing according to timing of the first network node and the
determined timing advance.

According to the third possible implementation manner of
the first aspect, 1n a fourth possible implementation manner,
the determining, by the second network node according to
the timing advance, a timing advance of a position, in the
second network node, of the user equipment served by the
first network node includes:

using, by the second network node, a maximum value of
the timing advance as the timing advance of the position, in
the second network node, of the user equipment served by
the first network node; or

using, by the second network node, an average value of
the timing advance as the timing advance of the position, in
the second network node, of the user equipment served by
the first network node.

According to the first possible implementation manner of
the first aspect, 1n a fifth possible implementation manner,
the timing modification information includes: a timing
advance of a position, 1n the second network node, of the
user equipment served by the first network node; and

the determining, by a second network node, modified
timing of the second network node according to acquired
timing modification mformation includes:

determining, by the second network node, the modified
timing according to timing of the first network node and the
timing advance of the position, in the second network node,
of the user equipment served by the first network node.

According to any one of the second to the fifth possible
implementation manners of the first aspect, 1n a sixth pos-
sible implementation manner, before the determining, by a
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second network node, modified timing of the second net-
work node according to acquired timing modification infor-
mation, the method further includes:

receiving, by the second network node, the timing of the
first network node sent by the first network node.

According to the first possible implementation manner of
the first aspect, 1n a seventh possible implementation man-
ner, the timing modification information includes: timing of
the second network node; and

the determining, by a second network node, modified
timing of the second network node according to acquired
timing modification mformation includes:

using, by the second network node, received timing of the
second network node as the modified timing.

According to any one of the first to the seventh possible
implementation manners of the first aspect, 1n an eighth
possible 1implementation manner, before the receiving, by
the second network node, the timing modification informa-
tion sent by the first network node or a network adminis-
tration and maintenance entity, the method further includes:

sending, by the second network node, a timing modifica-
tion request message to the first network node or the network
administration and maintenance entity;

and/or,

betore the receiving, by the second network node, uplink
resource information of user equipment sent by a first
network node, the method further includes:

sending, by the second network node, an acquisition
request message for the uplink resource information of the
user equipment to the first network node.

According to any one of the first aspect and the first to the
cighth possible implementation manners of the first aspect,
in a ninth possible implementation manner, the uplink
resource information includes: a transmit power value of the
user equipment; and

the sending, by the second network node, proximity
information to the first network node includes:

when the second network node detects the uplink signal of
the user equipment, and detects that a difference between the
transmit power value of the user equipment and a power
value of the uplink signal 1s less than a preset threshold,
sending, by the second network node, the proximity infor-
mation to the first network node.

According to any one of the first aspect and the first to the
ninth possible implementation manners of the first aspect, in
a tenth possible implementation manner, the uplink resource
information 1s information about an uplink resource reserved
by the first network node for the user equipment, and at least
one feature of the uplink resource 1s static or semi-static.

According to any one of the first aspect and the first to the
tenth possible implementation manners of the first aspect, in
an eleventh possible implementation manner, the proximity
information includes a user identifier of the user equipment
or resource information used by the user equipment.

According to a second aspect, an embodiment of the
present invention provides a cell discovery method, where
the method includes:

sending, by a first network node, timing modification
information to a second network node, where the timing
modification information 1s used by the second network
node to determine modified timing of the second network
node according to the timing modification information;

sending, by the first network node, uplink resource infor-
mation of user equipment to the second network node;

receiving, by the first network node, proximity informa-
tion sent by the second network node, where the proximity
information 1s obtained, by the second network node by
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performing detection on an uplink signal of the user equip-
ment by using the modified timing and according to the
uplink resource information, when the second network node
detects proximity of the user equipment; and

instructing, by the first network node according to the
proximity information, the user equipment 1 proximity to
the second network node to perform measurement or han-
dover.

In a first possible implementation manner of the second
aspect, the timing modification information includes at least
one of the following information:

a distance value between the second network node and the
first network node;

a timing advance of at least one user equipment handed
over from the first network node to the second network node;

a timing advance of a position, 1n the second network
node, of the user equipment served by the first network
node; and

timing of the second network node.

According to the second aspect or the first possible
implementation manner of the second aspect, 1n a second
possible implementation manner, before the sending, by a
first network node, timing modification information to a
second network node, the method further includes:

recerving, by the first network node, a timing modification
request message sent by the second network node;

and/or,

before the sending, by the first network node, uplink
resource mformation of user equipment to the second net-
work node, the method further includes:

recerving, by the first network node, an acquisition
request message, sent by the second network node, for the
uplink resource iformation of the user equipment.

According to any one of the second aspect and the first
and the second possible implementation manners of the
second aspect, 1 a third possible implementation manner,
the uplink resource information includes: a transmit power
value of the user equipment.

According to any one of the second aspect and the first to
the third possible implementation manners of the second
aspect, n a fourth possible implementation manner, the
uplink resource information 1s information about an uplink
resource reserved by the first network node for the user
equipment, and at least one feature of the uplink resource 1s
static or semi-static.

According to any one of the second aspect and the first to
the fourth possible implementation manners of the second
aspect, 1n a {ifth possible implementation manner, the prox-
imity information includes a user identifier of the user
equipment or resource mformation used by the user equip-
ment.

According to a third aspect, an embodiment of the present
invention provides a second network node, where the appa-
ratus 1ncludes:

a determining module, configured to determine modified
timing of the second network node according to acquired
timing modification information;

a rece1ving module, configured to receive uplink resource
information of user equipment sent by a first network node;

a detection module, configured to perform detection on an
uplink signal of the user equipment by using the modified
timing determined by the determining module and according
to the uplink resource information received by the receiving
module; and

a sending module, configured to: when the detection
module detects proximity of the user equipment, send prox-
imity information to the first network node.
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In a first possible implementation manner of the third
aspect, the receiving module 1s configured to: before the
determining module determines the modified timing of the
second network node according to the acquired timing
modification information, receive the timing modification
information sent by the first network node or a network
administration and maintenance entity.

According to the first possible implementation manner of
the third aspect, 1n a second possible implementation man-
ner, the timing modification information includes: a distance
value between the second network node and the first net-
work node; and

the determining module 1s specifically configured to
determine, according to the distance value, a timing advance
of a position, 1n the second network node, of the user
equipment served by the first network node; and determine
the modified timing according to timing of the first network
node and the timing advance.

According to the first possible implementation manner of
the third aspect, in a third possible implementation manner,
the timing modification information includes: a timing
advance of at least one user equipment handed over from the
first network node to the second network node; and

the determining module 1s specifically configured to
determine, according to the timing advance, a timing
advance of a position, in the second network node, of the
user equipment served by the first network node; and
determine the modified timing according to timing of the
first network node and the determined timing advance.

According to the third possible implementation manner of
the third aspect, 1n a fourth possible implementation manner,
the determining module 1s specifically configured to use a
maximum value of the timing advance as the timing advance
of the position, in the second network node, of the user
equipment served by the first network node; or,

use an average value of the timing advance as the timing
advance of the position, 1 the second network node, of the
user equipment served by the first network node.

According to the first possible implementation manner of
the third aspect, 1n a fifth possible implementation manner,
the timing modification information includes: a timing
advance of a position, in the second network node, of the
user equipment served by the first network node; and

the determining module 1s specifically configured to
determine the modified timing according to timing of the
first network node and the timing advance of the position, 1n
the second network node, of the user equipment served by
the first network node.

According to any one of the second to the fifth possible
implementation manners of the third aspect, in a sixth
possible implementation manner, the receiving module 1s
turther configured to: before the determining module deter-
mines the modified timing of the second network node
according to the acquired timing modification information,
receive the timing of the first network node sent by the first
network node.

According to the first possible implementation manner of
the third aspect, 1n a seventh possible implementation man-
ner, the timing modification information includes: timing of
the second network node; and

the determining module 1s specifically configured to use
received timing of the second network node as the modified
timing.

According to any one of the first to the seventh possible
implementation manners of the third aspect, in an eighth
possible implementation manner, the sending module 1s
turther configured to: before the recerving module recerves
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the timing modification information sent by the first network
node or the network administration and maintenance entity,
send a timing modification request message to the first
network node or the network administration and mainte-
nance entity;

and/or,

the sending module 1s further configured to: before the
receiving module receives the uplink resource mformation
of the user equipment sent by the first network node, send an
acquisition request message for the uplink resource infor-
mation of the user equipment to the first network node.

According to any one of the third aspect and the first to the
eighth possible implementation manners of the third aspect,
in a ninth possible implementation manner, the uplink
resource information includes: a transmit power value of the
user equipment; and

the sending module 1s specifically configured to: when the
detection module detects the uplink signal of the user
equipment, and detects that a diflerence between the trans-
mit power value of the user equipment and a power value of
the uplink signal 1s less than a preset threshold, send the
proximity information to the first network node.

According to any one of the third aspect and the first to the
ninth possible implementation manners of the third aspect,
in a tenth possible implementation manner, the uplink
resource information 1s information about an uplink resource
reserved by the first network node for the user equipment,
and at least one feature of the uplink resource is static or
semi-static.

According to any one of the third aspect and the first to the
tenth possible implementation manners of the third aspect,
in an eleventh possible implementation manner, the prox-
imity information includes a user identifier of the user
equipment or resource information used by the user equip-
ment.

According to a fourth aspect, an embodiment of the
present mvention provides a first network node, where the
apparatus includes:

a sending module, configured to send timing modification
information to a second network node, where the timing
modification information 1s used by the second network
node to determine modified timing of the second network
node according to the timing modification information;

where the sending module 1s further configured to send
uplink resource mformation of user equipment to the second
network node;

a receiving module, configured to recerve proximity infor-
mation sent by the second network node, where the prox-
imity imnformation 1s obtained, by the second network node
by performing detection on an uplink signal of the user
equipment by using the modified timing and according to the
uplink resource mnformation, when the second network node
detects proximity of the user equipment; and

a processing module, configured to instruct, according to
the proximity information sent by the second network node
and received by the receiving module, the user equipment 1n
proximity to the second network node to perform measure-
ment or handover.

In a first possible implementation manner of the fourth
aspect, the timing modification information includes at least
one of the following information:

a distance value between the second network node and the

first network node:
a timing advance of at least one user equipment handed
over from the first network node to the second network node;
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a timing advance of a position, 1n the second network
node, of the user equipment served by the first network
node; and

timing of the second network node.

According to the fourth aspect or the first possible imple- >
mentation manner of the fourth aspect, 1n a second possible
implementation manner, the recerving module 1s further
configured to: before the sending module sends the timing
modification information to the second network node,

receive a timing modification request message sent by the
second network node;

and/or,

the recerving module 1s further configured to: before the
sending module sends the uplink resource information of the
user equipment to the second network node, receive an
acquisition request message, sent by the second network
node, for the uplink resource information of the user equip-
ment.

According to any one of the fourth aspect and the first and ¢
the second possible implementation manners of the fourth
aspect, 1n a third possible implementation manner, the uplink
resource information includes: a transmit power value of the
user equipment.

According to any one of the fourth aspect and the first to 25
the third possible implementation manners of the fourth
aspect, 1n a fourth possible implementation manner, the
uplink resource information 1s iformation about an uplink
resource reserved by the first network node for the user
equipment, and at least one feature of the uplink resource 1s 30
static or semi-static.

According to any one of the fourth aspect and the first to
the fourth possible implementation manners of the fourth
aspect, 1n a {ifth possible implementation manner, the prox-
imity information includes a user identifier of the user 35
equipment or resource imnformation used by the user equip-
ment.

According to a fifth aspect, an embodiment of the present
invention provides a second network node, where the appa-
ratus 1ncludes: 40

a processor, configured to determine modified timing of
the second network node according to acquired timing
modification information;

a recerver, configured to receive uplink resource informa-
tion of user equipment sent by a first network node; 45
where the processor 1s further configured to perform
detection on an uplink signal of the user equipment by using
the modified timing and according to the uplink resource

information received by the recerver; and

a sender, configured to: when the processor detects prox- 50
imity of the user equipment, send proximity information to
the first network node.

In a first possible implementation manner of the fifth
aspect, the receiver 1s further configured to: before the
processor determines the modified timing of the second 55
network node according to the acquired timing modification
information, receive the timing modification information
sent by the first network node or a network admainistration
and maintenance entity.

According to the first possible implementation manner of 60
the fifth aspect, 1n a second possible implementation manner,
the timing modification information includes: a distance
value between the second network node and the first net-
work node; and

the processor 1s specifically configured to determine, 65
according to the distance value, a timing advance of a
position, in the second network node, of the user equipment

10

15

8

served by the first network node; and determine the modified
timing according to timing of the first network node and the
timing advance.

According to the first possible implementation manner of
the fifth aspect, 1 a third possible implementation manner,
the timing modification information includes: a timing
advance of at least one user equipment handed over from the
first network node to the second network node; and

the processor 1s specifically configured to determine,
according to the timing advance, a timing advance of a
position, in the second network node, of the user equipment
served by the first network node; and determine the modified
timing according to timing of the first network node and the
determined timing advance.

According to the third possible implementation manner of
the fitth aspect, 1n a fourth possible implementation manner,
the processor 1s specifically configured to use a maximum
value of the timing advance as the timing advance of the
position, in the second network node, of the user equipment
served by the first network node; or,

use an average value of the timing advance as the timing
advance of the position, 1 the second network node, of the
user equipment served by the first network node.

According to the first possible implementation manner of
the fifth aspect, 1n a fifth possible implementation manner,
the timing modification information includes: a timing
advance of a position, 1n the second network node, of the
user equipment served by the first network node; and

the processor 1s specifically configured to determine the
modified timing according to timing of the first network
node and the timing advance of the position, in the second
network node, of the user equipment served by the first
network node.

According to any one of the second to the fifth possible
implementation manners of the fifth aspect, in a sixth
possible 1mmplementation manner, the receiver 1s further
configured to: before the processor determines the modified
timing of the second network node according to the acquired
timing modification imnformation, receive the timing of the
first network node sent by the first network node.

According to the first possible implementation manner of
the fifth aspect, 1n a seventh possible implementation man-
ner, the timing modification information includes: timing of
the second network node; and

the processor 1s specifically configured to use received
timing of the second network node as the modified timing.

According to any one of the first to the seventh possible
implementation manners of the fifth aspect, in an eighth
possible implementation manner, the sender 1s further con-
figured to: before the receiver receives the timing modifi-
cation mformation sent by the first network node or the
network administration and maintenance entity, send a tim-
ing modification request message to the first network node
or the network admimistration and maintenance entity;

and/or,

the sender 1s further configured to: before the receiver
receives the uplink resource mformation of the user equip-
ment sent by the first network node, send an acquisition
request message for the uplink resource information of the
user equipment to the first network node.

According to any one of the fifth aspect and the first to the
cighth possible implementation manners of the fifth aspect,
in a ninth possible implementation manner, the uplink
resource information includes: a transmit power value of the
user equipment; and

the sender 1s specifically configured to: when the proces-
sor detects the uplink signal of the user equipment, and




US 10,278,101 B2

9

detects that a difference between the transmit power value of
the user equipment and a power value of the uplink signal 1s
less than a preset threshold, send the proximity information
to the first network node.

According to any one of the fifth aspect and the first to the
ninth possible implementation manners of the fifth aspect, in
a tenth possible implementation manner, the uplink resource
information 1s information about an uplink resource reserved
by the first network node for the user equipment, and at least

one feature of the uplink resource 1s static or semi-static.

According to any one of the fifth aspect and the first to the
tenth possible implementation manners of the fitth aspect, in
an eleventh possible implementation manner, the proximity
information includes a user identifier of the user equipment
or resource information used by the user equipment.

According to a sixth aspect, an embodiment of the present
invention provides a first network node, where the apparatus
includes:

a sender, configured to send timing modification infor-
mation to a second network node, where the timing modi-
fication information 1s used by the second network node to
determine modified timing of the second network node
according to the timing modification information;

where the sender 1s further configured to send uplink
resource information of user equipment to the second net-
work node;

a receiver, configured to receive proximity nformation
sent by the second network node, where the proximity
information 1s obtained, by the second network node by
performing detection on an uplink signal of the user equip-
ment by using the modified timing and according to the
uplink resource information, when the second network node
detects proximity of the user equipment; and

a processor, configured to instruct, according to the prox-
imity information sent by the second network node and
received by the receiver, the user equipment 1n proximity to
the second network node to perform measurement or han-
dover.

In a first possible implementation manner of the sixth
aspect, the timing modification information includes at least
one of the following information:

a distance value between the second network node and the
first network node;

a timing advance of at least one user equipment handed
over from the first network node to the second network node;:

a timing advance of a position, 1n the second network
node, of the user equipment served by the first network
node; and

timing of the second network node.

According to the sixth aspect or the first possible imple-
mentation manner of the sixth aspect, 1n a second possible
implementation manner, the receiver 1s further configured
to: before the sender sends the timing modification infor-
mation to the second network node, receive a timing modi-
fication request message sent by the second network node;

and/or,

the receiver 1s further configured to: before the sender
sends the uplink resource information of the user equipment
to the second network node, receive an acquisition request
message, sent by the second network node, for the uplink
resource mformation of the user equipment.

According to any one of the sixth aspect and the first and
the second possible implementation manners of the sixth
aspect, 1n a third possible implementation manner, the uplink
resource information includes: a transmit power value of the
user equipment.
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According to any one of the sixth aspect and the first to
the third possible implementation manners of the sixth
aspect, 1 a fourth possible implementation manner, the
uplink resource information 1s information about an uplink
resource reserved by the first network node for the user
equipment, and at least one feature of the uplink resource 1s
static or semi-static.

According to any one of the sixth aspect and the first to
the fourth possible implementation manners of the sixth
aspect, 1 a {ifth possible implementation manner, the prox-
imity information includes a user identifier of the user
equipment or resource mformation used by the user equip-
ment.

By means of the cell discovery method and apparatus
provided in the embodiments of the present invention,
timing of a second network node 1s first modified according
to timing modification information, and a synchronization
relationship based on the timing modification information 1s
established between the timing of the second network node
and timing of a first network node. The second network node
can detect UE served by the first network node only when
the UE 1s 1in proximity to the second network node, and send
proximity iformation to the first network node. However,
an uplink signal sent by UE outside a coverage area of the
second network node 1s not within a detection range of the
second network node, and therefore the second network
node 1s prevented from incorrectly determining that the UE
outside the coverage area of the second network node 1s UE
in proximity to the second network node and triggering, by
sending the proximity information, the first network node to
instruct the UE to perform unnecessary measurement or
handover, thereby reducing network signaling load and

[ 1

lowering power consumption of the UE.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

FIG. 1 1s a flowchart of Embodiment 1 of a cell discovery
method according to the present invention;

FIG. 2 1s a diagram of an implementation principle of an
existing cell discovery method;

FIG. 3 1s a flowchart of Embodiment 2 of a cell discovery
method according to the present ivention;

FIG. 4 1s a signaling flowchart of Embodiment 3 of a cell
discovery method according to the present invention;

FIG. 5 1s a signaling flowchart of Embodiment 4 of a cell
discovery method according to the present invention;

FIG. 6 1s a signaling tlowchart of Embodiment 5 of a cell
discovery method according to the present invention;

FIG. 7 1s a signaling tflowchart of Embodiment 6 of a cell
discovery method according to the present invention;

FIG. 8 1s a signaling flowchart of Embodiment 7 of a cell
discovery method according to the present invention;

FIG. 9 1s a schematic structural diagram of Embodiment
1 of a second network node according to the present inven-
tion;

FIG. 10 1s a schematic structural diagram of Embodiment
1 of a first network node according to the present invention;

FIG. 11 1s a schematic structural diagram of Embodiment
2 of a second network node according to the present inven-
tion; and

FIG. 12 1s a schematic structural diagram of Embodiment
2 of a first network node according to the present invention.

DETAILED DESCRIPTION

FIG. 1 1s a flowchart of Embodiment 1 of a cell discovery
method according to the present invention. The method in
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this embodiment 1s applicable to that a network node n a
wireless communications system detects whether user
equipment of another network node enters a coverage area
of the current network node, where for example, the wireless
communications system may be a universal mobile telecom-
munications system (Universal Mobile Telecommunications
System, UMTS for short), Long Term Evolution (Long Term
Evolution, LTE {for short), Long Term Evolution Advanced
(LTE-Advanced, LTE-A for short) or the like. In the wireless
communications system, network nodes of different types or
different standards may be deployed. For example, a net-
work node may be a base station with a high transmit power,
for example, a macro base station, or may be a base station
or a transmit/recerve node with a low transmit power, for
example, a Micro BS, a Pico BS, a Femto BS, a Home BS,
a Relay BS, an RRH, a Wi-F1 hotspot cell, an LTE HIFI cell,
UE 1n D2D, and different network nodes may work at a same
frequency, or may work at diflerent frequencies. An execu-
tion body of this embodiment 1s a second network node. As
shown 1n FIG. 1, the method 1n this embodiment includes:

101: A second network node determines modified timing
of the second network node according to acquired timing
modification information.

102: The second network node receives uplink resource
information of UE sent by a first network node.

103: The second network node performs detection on an
uplink signal of the UE by using the modified timing and
according to the uplink resource information.

104: When detecting proximity of the user equipment, the
second network node sends proximity information to the
first network node.

Specifically, the second network node and the first net-
work node may be network nodes of a same type and a same
standard, or may be two network nodes of different types or
different standards. The second network node and the first
network node are connected by using an X2, IUR, S1, or IU
interface or a wireless air interface, for example, an interface
between a microwave base station or a donor base station
and a relay node. For example, the timing modification
information may be transmission delay information between
the first network node and the second network node. Steps
101 and 102 are not performed in a fixed order, and the
acquisition may be performed separately or may be per-
formed together.

FIG. 2 1s a diagram of an implementation principle of an
existing cell discovery method. As shown 1 FIG. 2, a {irst
base station and a second base station are deployed 1n an
inter-frequency manner, where a frequency of the first base
station 1s 12, and a frequency of the second base station 1s 11,
a receiver 1s set on the second base station, so that the second
base station has an uplink receiving function for receiving an
uplink signal of the frequency 12 of the first base station, and
an 1ntersection exists between a coverage area of the second
base station and a coverage area of the first base station. The
second base station performs detection on an uplink signal
sent by UE served by the first base station, so as to detect
whether the UE served by the first base station 1s in
proximity. The proximity refers to that the UE served by the
first base station enters a signal coverage area of the second
base station, or the UE served by the first base station 1s in
proximity to the coverage area of the second base station. A
rule of determining, by the second base station, whether the
UE served by the first base station 1s 1 proximity to the
second base station 1s: The second base station can receive
the uplink signal sent by the UE served by the first base
station, and a receive power value of the uplink signal 1s
greater than a preset threshold. When detecting that UE1
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served by the first base station 1s in proximity to the second
base station, the second base station notifies the first base
station of proximity information, so that the first base station
instructs UE1L to perform signal measurement on a frequency
of the second base station or a cell of the second base station,
and when a condition 1s satisfied, the first base station 1s
triggered to hand over UE1 to the cell of the second base
station. Alternatively, when detecting that UE1L served by the
first base station 1s 1n proximity to the second base station,
the second base station notifies the {first base station of
proximity information, so that the first base station hands
over UE1 to a cell of the second base station. For UE2
served by the first base station, UE2 1s located outside the
coverage area ol the second base station. UE2 1s located at
an edge ol coverage of the first base station, and therefore,
to compensate for a path loss of a radio channel, an uplink
transmit power of UE2 may be probably higher than that of
UE1. Theretfore, even if UE2 1s not located in the coverage
area of the second base station, the second base station may
still receive an uplink signal sent by UE2. In this case,
according to a determining rule in the prior art, the second
base station mcorrectly determines that UE2 1s 1n proximity
to the second base station, and notifies the first base station
of proximity information, and further, the first base station
instructs UE2 to perform signal measurement on the fre-
quency of the second base station or on the second base
station. In fact, UE2 1s not 1n the coverage area of the second
base station; therefore, 1t 1s useless for UE2 to perform
signal measurement on the frequency of the second base
station or the second base station, which unnecessarily
increases network signaling load and causes unnecessary
power consumption of UE2. Therefore, 1t 1s inaccurate to
determine whether UE served by a first base station 1s 1n
proximity to a second base station by only relying on
assessment of that the second base station can receive an
uplink signal sent by the UE served by the first base station
and that a receive power value of the uplink signal 1s greater
than a preset threshold.

However, by means of the cell discovery method provided
in this embodiment of the present imnvention, as shown 1n
FIG. 1, a second network node modifies timing of the second
network node according to acquired timing modification
information, determines modified timing of the second net-
work node, and uses the modified timing. Therefore, a
synchronization relationship based on the timing modifica-
tion information 1s established between the modified timing
of the second network node and timing of a first network
node, so that when the second network node performs
detection on an uplink signal of UE by using the modified
timing and received uplink resource information of the UE
sent by the first network node, the second network node can
detect an uplink signal sent by UE served by the first
network node only when the UE 1s 1 proximity to the
second network node, that 1s, enters a coverage area of the
second network node or 1s 1n proximity to the coverage area
of the second network node. When detecting proximity of
the user equipment, the second network node sends prox-
imity information to the first network node, where the
proximity information includes a user 1dentifier of the UE or
resource information used by the UE. However, an uplink
signal sent by UE outside the coverage area of the second
network node 1s not within a detection range of the second
network node, and therefore the second network node 1is
prevented from incorrectly determining that the UE outside
the coverage areca of the second network node 1s UE i
proximity to the second network node and triggering, by
sending the proximity information, the first network node to
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instruct the UE to perform unnecessary measurement or
handover, thereby reducing network signaling load and
lowering power consumption of the UE.

It should be noted that, the cell dlscovery method 1n this
embodiment of the present invention 1s applicable not only
to a scenario i which the first network node and the second
network node are deployed 1n an intra-frequency manner,
but also to a scenario 1n which the first network node and the
second network node are deployed in an inter-frequency
manner. For the scenario 1n which the first network node and
the second network node are deployed 1n an inter-frequency
manner, for example, a frequency of the first network node
1s 12, and a frequency of the second network node 1s 11, to
make the second network node have an uplink receiving
function for receiving an uplink signal of 12, a radio ire-
quency module for the uplink frequency 12 may also be set
on the second network node in this embodiment of the
present mvention.

The foregoing description about standards and types of a
wireless communications system and a wireless access
device 1s only exemplary, and application of technical solu-
tions of the present invention 1s not limited to the foregoing,
situations.

In practice, the proximity information includes a user
identifier of the UE or resource information used by the UE.
The second network node may acquire the timing modifi-
cation information from the first network node, or may
acquire the timing modification information from a network
administration and maintenance entity, for example, an
operations, administration and maintenance (OAM) entity.
That 1s, before the determining, by a second network node,
modified timing of the second network node according to
acquired timing modification information, the method fur-
ther 1ncludes: receiving, by the second network node, the
timing modification mmformation sent by the first network
node or the network administration and maintenance entity.
Optionally, before receiving the timing modification infor-
mation sent by the first network node, the second network
node may first send a timing modification request message
to the first network node, so that the first network node sends
the timing modification information to the second network
node. Optionally, before recerving uplink resource informa-
tion of UE sent by a first network node, the second network
node may first send an acquisition request message for the
uplink resource information of the UE to the first network
node, so that the first network node sends the uplink resource
information of the UE served by the first network node to the
second network node.

When the second network node sends the timing modi-
fication request message and the acquisition request message
to the first network node, the timing modification request
message and the acquisition request message may be sepa-
rately sent, or may be sent by being carried 1n a same
signaling message; during separate sending, there 1s no fixed
order. The resource information includes at least one of time
domain information, frequency domain information, space
domain information, code domain information, and power
control information. The time domain information may
include, but 1s not limited to, at least one of a transmission
interval, 1nter-cell synchromization information (for
example, which may be a subframe offset value), subiframe
information, and timeslot information. The Irequency
domain information may include, but 1s not limited to, a
position of a physical resource block. The space domain
information may include, but 1s not limited to, beam infor-
mation, stream information, and space coding matrix nfor-
mation. The code domain information may include, but 1s
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not limited to, address code, scrambling code, and sequence
initialization code. For example, the uplink resource infor-
mation of the UE served by the first network node may
include resource mnformation such as a cell radio network
temporary identifier (C-RNTI) for demodulating uplink
data, a physical cell identity (PCI), a virtual cell identifier or
a demodulation reference signal (Demodulation RS) and/or
a sounding reference signal (SRS) for uplink measurement
and/or a random access preamble (RA Preamble), and a
power control parameter.

FIG. 3 1s a flowchart of Embodiment 2 of a cell discovery
method according to the present invention. An execution
body of this embodiment 1s a first network node. As shown
in FIG. 3, the method 1n this embodiment includes:

301: A first network node sends timing modification
information to a second network node, where the timing
modification information 1s used by the second network
node to determine modified timing of the second network
node according to the timing modification imnformation.

302: The first network node sends uplink resource infor-
mation of UE to the second network node.

303: The first network node recerves proximity informa-
tion sent by the second network node, where the proximity
information 1s obtained, by the second network node by
performing detection on an uplink signal of the user equip-
ment by using the modified timing and according to the
uplink resource mnformation, when the second network node
detects proximity of the user equipment.

304: The first network node instructs, according to the
proximity information, the user equipment 1 proximity to
the second network node to perform measurement or han-
dover.

Specifically, steps 301 and 302 are not performed 1n a
fixed order, and the sending may be performed separately or
may be performed together. By means of the cell discovery
method provided in this embodiment of the present inven-
tion, a first network node sends timing modification infor-
mation to a second network node, so that the second network
node modifies timing of the second network node according
to the acquired timing modification information, and deter-
mines modified timing of the second network node; there-
fore, a synchronization relationship based on the timing
modification information 1s established between the modi-
fied timing of the second network node and timing of a first
network node, so that when the second network node
performs detection on an uplink signal of UE by using the
modified timing and received uplink resource information of
the UE sent by the first network node, only when UE served
by the first network node 1s in proximity to the second
network node, that 1s, enters a coverage area of the second
network node or 1s 1n proximity to the coverage area of the
second network node, can the second network node detect
the uplink signal sent by the UE; when detecting proximity
of the user equipment, the second network node sends
proximity information to the first network node. The first
network node instructs, according to the proximity informa-
tion, the UE to perform signal strength and/or signal quality
measurement on a cell at a frequency of a cell of the second
network node or only on the cell of the second network node,
or the first network node directly hands over the UE to a cell
of the second network node. However, an uplink signal sent
by UE outside the coverage area of the second network node
1s not within a detection range of the second network node,
and therefore the second network node 1s prevented from
incorrectly determiming that the UE outside the coverage
area of the second network node 1s UE 1n proximaity to the
second network node and triggering, by sending the prox-
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imity information, the first network node to instruct the UE
to perform unnecessary measurement or handover, thereby
reducing network signaling load and lowering power con-

[ 1

sumption of the UE.
The following describes an interaction process between
the first network node and the second network node in detail

by using several specific embodiments.

FIG. 4 1s a signaling flowchart of Embodiment 3 of a cell
discovery method according to the present invention. This
embodiment 1s implemented by a first network node and a
second network node 1n a cooperative manner. As shown 1n
FIG. 4, the cell discovery method provided i this embodi-
ment 1ncludes:

401: A first network node sends timing modification
information to a second network node.

402: The second network node receives the timing modi-
fication mnformation sent by the first network node, and the
second network node determines modified timing of the
second network node according to the timing modification
information.

403: The first network node sends uplink resource infor-
mation of UE to the second network node.

404: The second network node receives the uplink
resource information of the UE sent by the first network
node, and the second network node performs detection on an
uplink signal of the UE by using the modified timing and
according to the uplink resource information.

405: When detecting proximity of the UE, the second
network node sends proximity information to the first net-
work node.

406: The first network node receives the proximity infor-
mation sent by the second network node, and the first
network node 1nstructs, according to the proximity informa-
tion, the UE 1 proximity to the second network node to
perform measurement or handover.

By means of the cell discovery method provided 1n this
embodiment of the present invention, timing of a second
network node 1s modified by using acquired timing modi-
fication information, and a synchronization relationship
based on the timing modification information 1s established
between the timing of the second network node and timing
of a first network node. The second network node can detect
UE served by the first network node only when the UE 1s in
proximity to the second network node, and send proximity
information to the first network node, thereby preventing the
UE from performing unnecessary cell measurement or han-
dover, reducing network signaling load, and lowering power
consumption of the UE.

FIG. 5 1s a signaling flowchart of Embodiment 4 of a cell
discovery method according to the present invention. This
embodiment 1s implemented by a first network node and a
second network node 1n a cooperative manner. As shown 1n
FIG. §, the cell discovery method provided i this embodi-
ment 1ncludes:

501: A first network node sends a distance value between
a second network node and the first network node to the
second network node.

502: The second network node receives the distance value
between the second network node and the first network node
sent by the first network node, the second network node
determines, according to the distance value, a timing
advance (Timing Advance, TA for short) of a position, 1n the
second network node, of UE served by the first network
node, and the second network node determines modified
timing of the second network node according to timing of
the first network node and the timing advance.
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Specifically, the position, 1n the second network node, of
the UE served by the first network node refers to a position,
within or near a coverage area of the second network node,
of the UE served by the first network node 1s located.

503: The first network node sends uplink resource infor-
mation of the UE to the second network node.

504: The second network node receirves the uplink
resource information of the UE sent by the first network
node, and the second network node performs detection on an
uplink signal of the UE by using the modified timing and
according to the uplink resource information.

505: When detecting proximity of the UE, the second
network node sends proximity information to the first net-
work node.

506: The first network node receives the proximity infor-
mation sent by the second network node, and the first
network node 1nstructs, according to the proximity informa-
tion, the UE 1 proximity to the second network node to
perform measurement or handover.

Specifically, after receiving the distance value between
the second network node and the first network node sent by
the first network node, the second network node calculates,
according to the distance value, the timing advance of the
position, 1 the second network node, of the UE served by
the first network node, and then the second network node
determines the modified timing of the second network node
according to the timing of the first network node and the
calculated timing advance. In practice, based on the distance
value, the second network node may also calculate a cyclic
prefix (Cyclic Prefix, CP for short) length value of the
position, 1n the second network node, of the UE served by
the first network node, and then the second network node
determines the modified timing of the second network node
according to the timing of the first network node and the
calculated CP length value.

By means of the cell discovery method provided in this
embodiment of the present invention, timing of a second
network node 1s modified by using a distance value between
the second network node and a first network node, and a
synchronization relationship based on timing modification
information 1s established between the timing of the second
network node and timing of a first network node. The second
network node can detect UE served by the first network node
only when the UE 1s 1n proximity to the second network
node, and send proximity mnformation to the first network
node, thereby preventing the UE from performing unneces-
sary cell measurement or handover, reducing network sig-
naling load, and lowering power consumption of the UE.

FIG. 6 1s a signaling flowchart of Embodiment 5 of a cell
discovery method according to the present invention. This
embodiment 1s implemented by a first network node and a
second network node 1n a cooperative manner. As shown 1n
FIG. 6, the cell discovery method provided in this embodi-
ment 1ncludes:

601: A first network node sends, to a second network
node, a timing advance of at least one UE handed over from
the first network node to the second network node.

602: The second network node receives the timing
advance, sent by the first network node, of the at least one
UE handed over from the first network node to the second
network node, and the second network node determines,
according to the timing advance, a timing advance of a
position, 1n the second network node, of UE served by the
first network node, and determines modified timing of the
second network node according to timing of the first net-
work node and the determined timing advance.
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603: The first network node sends uplink resource infor-
mation of the UE to the second network node.

604: The second network node receives the uplink
resource information of the UE sent by the first network
node, and the second network node performs detection on an
uplink signal of the UE by using the modified timing and
according to the uplink resource information.

605: When detecting proximity of the UE, the second
network node sends proximity information to the first net-
work node.

606: The first network node receives the proximity infor-
mation sent by the second network node, and the first
network node instructs, according to the proximity informa-
tion, the UE 1n proximity to the second network node to
perform measurement or handover.

Specifically, the timing advance of the UE handed over
from the first network node to the second network node
refers to a timing advance of UE, served by the first network
node, that 1s determined by the first network node, according,
to a measurement result or configuration, to satisiy a han-
dover condition and to be allowed to request to be handed
over to the second network node. In practice, the timing
advance of the UE handed over from the first network node
to the second network node may be carried in a handover
request message that 1s sent by the first network node to UE,
to be handed over, of the second network node, or may be
separately sent. The second network node receives the
timing advance, sent by the first network node, of the UE
handed over from the first network node to the second
network node, collects the timing advance of each UE
handed over from the first network node to the second
network node within a valid time segment, and determines,
according to the timing advance, a timing advance of a
position, 1n the second network node, of the UE served by
the first network node.

For example, a method for determining, according to the
timing advance, the timing advance of the position, i the
second network node, of the UE served by the first network
node may be using a maximum value of the timing advance
as the timing advance of the position, in the second network
node, of the UE served by the first network node, or using
an average value of the timing advance as the timing
advance of the position, i the second network node, of the
UE served by the first network node. However, the present
invention 1s not limited thereto, and any method of perform-
ing a mathematical operation on the timing advance to
determine the timing advance of the position, 1n the second
network node, of the UE served by the first network node 1s
within the protection scope of the present invention.

By means of the cell discovery method provided 1n this
embodiment of the present invention, timing of a second
network node 1s modified by using an acquired timing
advance of UE handed over from a first network node to the
second network node, and a synchronization relationship
based on timing modification information 1s established
between the timing of the second network node and timing
of a first network node. The second network node can detect
UE served by the first network node only when the UE 1s in
proximity to the second network node, and send proximity
information to the first network node, thereby preventing the
UE from performing unnecessary cell measurement or han-
dover, reducing network signaling load, and lowering power
consumption of the UE.

FI1G. 7 1s a signaling flowchart of Embodiment 6 of a cell
discovery method according to the present invention. This
embodiment 1s implemented by a first network node and a
second network node 1n a cooperative manner, where the
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second network node further has, 1n addition to an uplink
receiving function for receiving an uplink signal of a fre-
quency of the first network node, a function of correspond-
ing UE; for example, the second network node can send an
uplink signal at the frequency of the first network node. As
shown 1n FIG. 7, the cell discovery method provided in this
embodiment includes:

701: A first network node sends, to a second network
node, a timing advance of a position, 1n the second network
node, of UE served by the first network node.

702: The second network node receives the timing
advance that 1s sent by the first network node and that 1s of
the position, 1 the second network node, of the UE served
by the first network node, and the second network node
determines modified timing of the second network node
according to timing of the first network node and the timing
advance of the position, 1 the second network node, of the
UE served by the first network node.

703:; The first network node sends uplink resource infor-
mation of the UE to the second network node.

704: The second network node receirves the uplink
resource information of the UE sent by the first network
node, and the second network node performs detection on an
uplink signal of the UE by using the modified timing and
according to the uplink resource information.

705: When detecting proximity of the UE, the second
network node sends proximity information to the first net-
work node.

706: The first network node receives the proximity infor-
mation sent by the second network node, and the first
network node 1nstructs, according to the proximity informa-
tion, the UE 1 proximity to the second network node to
perform measurement or handover.

Specifically, the second network node obtains, from the
first network node by usmg a Tunction of the UE, the timing,
advance of the position, 1 the second network node, of the
UE served by the first network node. In practice, an optional
manner 1s: The second network node may reuse an existing
wireless connection establishment procedure or uplink syn-
chronization procedure; and by sending RA Preamble, the
second network node triggers the first network node to send
the timing advance to the second network node; for example,
the timing advance 1s carried 1n a random access response
message or a timing advance command. Another optional
manner 1s: The second network node sends, to the first
network node, a new message used for triggering the first
network node to send the timing advance to the second
network node.

By means of the cell discovery method provided in this
embodiment of the present invention, timing of a second
network node 1s modified by using an acquired timing
advance of a position, 1n the second network node, of UE
served by a first network node, and a synchronization
relationship based on timing modification information 1s
established between the timing of the second network node
and timing of a first network node. The second network node
can detect UE served by the first network node only when
the UE 1s 1n proximity to the second network node, and send
proximity information to the first network node, thereby
preventing the UE from performing unnecessary cell mea-
surement or handover, reducing network signaling load, and
lowering power consumption of the UE.

On the basis of the foregoing embodiment, before the
determining, by a second network node, modified timing of
the second network node according to acquired timing
modification information, the second network node receives
the timing of the first network node sent by the first network
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node. Optionally, the timing of the first network node may
be a deviation between the timing of the first network node
and the timing of the second network node or an absolute
value of the timing of the first network node.

FIG. 8 1s a signaling flowchart of Embodiment 7 of a cell
discovery method according to the present invention. This
embodiment 1s implemented by a first network node and a
second network node 1n a cooperative manner. As shown 1n
FIG. 8, the cell discovery method provided 1n this embodi-
ment 1ncludes:

801: A first network node sends timing of a second
network node to the second network node.

802: The second network node receives the timing of the
second network node sent by the first network node, and the
second network node uses the received timing of the second
network node as modified timing of the second network
node.

803: The first network node sends uplink resource infor-
mation of UE to the second network node.

804: The second network node receives the uplink
resource information of the UE sent by the first network
node, and the second network node performs detection on an
uplink signal of the UE by using the modified timing and
according to the uplink resource information.

805: When detecting proximity of the UE, the second
network node sends proximity iformation to the first net-
work node.

806: The first network node receives the proximity infor-
mation sent by the second network node, and the first
network node 1nstructs, according to the proximity informa-
tion, the UE 1 proximity to the second network node to
perform measurement or handover.

Specifically, the timing modification mformation sent by
the first network node to the second network node 1s the
timing ol the second network node; or, the timing modifi-
cation information sent by the first network node to the
second network node includes: timing of the first network
node, and a deviation between the timing of the first network
node and the timing of the second network node. After
receiving the timing modification information, the second
network node performs calculation of subtracting the devia-
tion between the timing of the first network node and the
timing of the second network node from the timing of the
first network node, and uses an obtained difference as the
modified timing.

By means of the cell discovery method provided 1n this
embodiment of the present invention, acquired timing of a
second network node 1s used as modified timing of the
second network node, and then a synchronization relation-
ship based on timing modification information 1s established
between the timing of the second network node and timing,
of a first network node. The second network node can detect
UE served by the first network node only when the UE 1s in
proximity to the second network node, and send proximity
information to the first network node, thereby preventing the
UE from performing unnecessary cell measurement or han-
dover, reducing network signaling load, and lowering power
consumption of the UE.

On the basis of the foregoing embodiment, the uplink
resource 1nformation of the UE that 1s sent by the first
network node and that 1s received by the second network
node may be all uplink resources information allocated by
the first network node to the UE, or may be some of the
uplink resource information allocated by the first network
node to the UE. The some of the uplink resource information
allocated by the first network node to the UE refers to that
the first network node reserves some uplink resources for the
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UE, and sends information about the reserved uplink
resources to the second network node, so that the second
network node performs detection on an uplink signal of the
user equipment by using the modified timing and according
to the information about the reserved uplink resources. The
first network node reserves the some uplink resources for the
UE, and for example, the some uplink resources may be only
information about a resource for sending signaling by the
UE, but do not need to include information about a resource
for sending data or performing measurement by the UE, as
long as it can be ensured that the second network node can
implement a function of detecting whether the UE 1s 1n
proximity. For example, the information about the reserved
uplink resources may be imnformation such as a C-RNTI, an
SRS, and a RA preamble, and at least one of the following
features of these uplink resources 1s static or semi-static: a
set power control parameter value, a position of a physical
resource block (PRB), a quantity of PRBs, a transmission
interval, a sending start position. The information about the
reserved uplink resources may be used by the second
network node to listen to whether the UE of the first network
node 1s in proximity, thereby reducing signaling processing
load of the second network node. The UE may select the
reservation operation and inform a base station of the
reservation operation, or a base station may configure the
reservation operation for the UE. In this way, the UE has
resources of two types of uplink signals. The SRS 1s used as
an example: One type of SRS 1s used for uplink scheduling,
and a power control mechanism 1n the prior art continues to
be used as that of this type of SRS. The other type of SRS
1s used by the second network node to listen to whether the
UE of the first network node 1s 1n proximaity.

In practice, the uplink resource mmformation of the UE
served by the first network node sent by the first network
node to the second network node may include: a transmit
power value of the UE. The second network node performs
detection on the uplink signal of the UE by using the
modified timing and according to the uplink resource nfor-
mation. When the second network node detects the uplink
signal of the UE, and detects that a diflerence between the
transmit power value of the UE and a power value of the
uplink signal 1s less than a preset threshold, the secon
network node determines that the UE 1s already 1n proximity
to the second network node and that the power value of the
uplink signal of the UE 1s large enough. That 1s, based on
that the second network node uses the modified timing, a
distance between the UE and the second network node is
turther determined herein by using a difference between the
transmit power value of the UE and the power value of the
uplink signal of the UE received by the second network
node, and therefore 1t 1s determined whether the UE 1s 1n
proximity to the second network node. The second network
node sends the proximity information to the first network
node only when UE served by the first network node 1s 1n
proximity to the second network node, thereby preventing
the UE from performing unnecessary cell measurement or
handover, reducing network signaling load, and lowering
power consumption of the UE.

FIG. 9 1s a schematic structural diagram of Embodiment
1 of a second network node according to the present inven-
tion. As shown in FIG. 9, a second network node 900
provided 1n this embodiment includes: a determining mod-
ule 901, a recerving module 902, a detection module 903,
and a sending module 904, where:

the determining module 901 1s configured to determine
modified timing of the second network node according to
acquired timing modification information;
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the recerving module 902 1s configured to receive uplink
resource information of user equipment sent by a first
network node;

the detection module 903 1s configured to perform detec-
tion on an uplink signal of the user equipment by using the
modified timing determined by the determining module 901
and according to the uplink resource iformation received
by the receiving module 902; and

the sending module 904 i1s configured to: when the
detection module 903 detects proximity of the user equip-
ment, send proximity information to the first network node.

The cell discovery apparatus provided 1n this embodiment
of the present mvention may be configured to execute the
technical solution 1n the embodiment of the cell discovery
method shown 1n FIG. 1. An implementation principle and
a technical eflect of the apparatus are similar, and are not
described 1n detail again herein.

Optionally, the receiving module 902 1s further configured
to: before the determining module 901 determines the modi-
fied timing of the second network node according to the
acquired timing modification information, receive the timing
modification information sent by the first network node or a
network administration and maintenance entity.

Optionally, the timing modification information includes:
a distance value between the second network node and the
first network node; and

the determining module 901 1s specifically configured to
determine, according to the distance value, a timing advance
of a position, in the second network node, of the user
equipment served by the first network node; and determine
the modified timing according to timing of the first network
node and the timing advance.

Optionally, the timing modification information mncludes:
a timing advance of at least one user equipment handed over
from the first network node to the second network node; and

the determining module 901 1s specifically configured to
determine, according to the timing advance, a timing
advance of a position, 1n the second network node, of the
user equipment served by the first network node; and
determine the modified timing according to timing of the
first network node and the determined timing advance.

Optionally, the determining module 901 1s specifically
configured to use a maximum value of the timing advance as
the timing advance of the position, 1n the second network
node, of the user equipment served by the first network
node; or, use an average value of the timing advance as the
timing advance of the position, in the second network node,
of the user equipment served by the first network node.

Optionally, the timing modification information ncludes:
a timing advance of a position, 1n the second network node,
of the user equipment served by the first network node; and

the determining module 901 1s specifically configured to
determine the modified timing according to timing of the
first network node and the timing advance of the position, 1n
the second network node, of the user equipment served by
the first network node.

Optionally, the recerving module 902 1s further configured
to: before the determining module 901 determines the modi-
fied timing of the second network node according to the
acquired timing modification information, receive the timing
of the first network node sent by the first network node.

Optionally, the timing modification information ncludes:
timing of the second network node; and

the determining module 901 1s specifically configured to
use received timing of the second network node as the
modified timing.
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Optionally, the sending module 904 1s further configured
to: before the recerving module 902 receives the timing
modification iformation sent by the first network node or
the network administration and maintenance entity, send a
timing modification request message to the first network
node or the network admimistration and maintenance entity;

and/or,

the sending module 904 1s further configured to: belore
the receiving module 902 receives the uplink resource
information of the user equipment sent by the first network
node, send an acquisition request message for the uplink
resource 1nformation of the user equipment to the first
network node.

Optionally, the uplink resource information includes: a
transmit power value of the user equipment; and

the sending module 904 1s specifically configured to:
when the detection module 903 detects the uplink signal of
the user equipment, and detects that a difference between the
transmit power value of the user equipment and a power
value of the uplink signal 1s less than a preset threshold, send
the proximity information to the first network node.

Optionally, the uplink resource information 1s information
about an uplink resource reserved by the first network node

for the user equipment, and at least one feature of the uplink
resource 1s static or semi-static.

Optionally, the proximity information includes a user
identifier of the user equipment or resource information used
by the user equipment.

FIG. 10 1s a schematic structural diagram of Embodiment
1 of a first network node according to the present invention.
As shown 1n FIG. 10, a first network node 1000 provided in
this embodiment 1includes: a sending module 1001, a receiv-
ing module 1002, and a processing module 1003, where:

the sending module 1001 1s configured to send timing
modification information to a second network node, where
the timing modification information 1s used by the second
network node to determine modified timing of the second
network node according to the timing modification nfor-
mation;

the sending module 1001 i1s further configured to send
uplink resource information of user equipment to the second
network node;

the recerving module 1002 1s configured to receive prox-
imity information sent by the second network node, where
the proximity information 1s obtained, by the second net-
work node by performing detection on an uplink signal of
the user equipment by using the modified timing and accord-
ing to the uplink resource information, when the second
network node detects proximity of the user equipment; and

the processing module 1003 1s configured to instruct,
according to the proximity information sent by the second
network node and received by the receiving module 1002,
the user equipment 1n proximity to the second network node
to perform measurement or handover.

The cell discovery apparatus provided in this embodiment
of the present invention may be configured to execute the
technical solution 1n the embodiment of the cell discovery
method shown 1 FIG. 3. An implementation principle and
a technical eflect of the apparatus are similar, and are not
described 1n detail again herein.

Optionally, the timing modification information includes
at least one of the following information:

a distance value between the second network node and the
first network node:

a timing advance of at least one user equipment handed
over from the first network node to the second network node;
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a timing advance of a position, 1n the second network
node, of the user equipment served by the first network
node; and

timing of the second network node.

Optionally, the receiving module 1002 1s further config-
ured to: before the sending module 1001 sends the timing,
modification information to the second network node,
receive a timing modification request message sent by the
second network node:

and/or,

the receiving module 1002 1s further configured to: before
the sending module 1001 sends the uplink resource infor-
mation of the user equipment to the second network node,
receive an acquisition request message, sent by the second
network node, for the uplink resource information of the
user equipment.

Optionally, the uplink resource information includes a
transmit power value of the user equipment.

Optionally, the uplink resource information 1s information
about an uplink resource reserved by the first network node
tor the user equipment, and at least one feature of the uplink
resource 1s static or semi-static.

Optionally, the proximity information includes a user
identifier of the user equipment or resource information used
by the user equipment.

FIG. 11 1s a schematic structural diagram of Embodiment
2 of a second network node according to the present inven-
tion. As shown in FIG. 11, a second network node 1100
provided in this embodiment includes: a processor 1101, a
receiver 1102, and a sender 1103, where:

the processor 1101 1s configured to determine modified
timing of the second network node according to acquired
timing modification mformation;

the recerver 1102 1s configured to recerve uplink resource
information of user equipment sent by a first network node;

the processor 1101 1s further configured to perform detec-
tion on an uplink signal of the user equipment by using the
modified timing and according to the uplink resource nfor-
mation receirved by the recerver 1102; and

the sender 1103 1s configured to: when the processor 1101
detects proximity of the user equipment, send proximity
information to the first network node.

The cell discovery apparatus provided 1n this embodiment
of the present mvention may be configured to execute the
technical solution 1n the embodiment of the cell discovery
method shown 1 FIG. 1. An implementation principle and
a technical eflect of the apparatus are similar, and are not
described 1n detail again herein.

Optionally, the receiver 1102 1s further configured to:
betore the processor 1101 determines the modified timing of
the second network node according to the acquired timing
modification information, receirve the timing modification
information sent by the first network node or a network
administration and maintenance entity.

Optionally, the timing modification information includes:
a distance value between the second network node and the
first network node; and

the processor 1101 1s specifically configured to determine,
according to the distance value, a timing advance of a
position, in the second network node, of the user equipment
served by the first network node; and determine the modified
timing according to timing of the first network node and the
timing advance.

Optionally, the timing modification information ncludes:
a timing advance of at least one user equipment handed over
from the first network node to the second network node; and
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the processor 1101 1s specifically configured to determine,
according to the timing advance, a timing advance of a
position, in the second network node, of the user equipment
served by the first network node; and determine the modified
timing according to timing of the first network node and the
determined timing advance.

Optionally, the processor 1101 1s specifically configured
to use a maximum value of the timing advance as the timing
advance of the position, 1 the second network node, of the
user equipment served by the first network node; or,

use an average value of the timing advance as the timing
advance of the position, i the second network node, of the
user equipment served by the first network node.

Optionally, the timing modification information includes:
a timing advance of a position, 1n the second network node,
of the user equipment served by the first network node; and

the processor 1101 1s specifically configured to determine
the modified timing according to timing of the first network
node and the timing advance of the position, 1n the second
network node, of the user equipment served by the first
network node.

Optionally, the receiver 1102 i1s further configured to:
betore the processor 1101 determines the modified timing of
the second network node according to the acquired timing
modification information, receive the timing of the first
network node sent by the first network node.

Optionally, the timing modification information includes:
timing of the second network node; and

the processor 1101 1s specifically configured to use
received timing of the second network node as the modified
timing.

Optionally, the sender 1103 1s further configured to:
before the receiver 1102 recerves the timing modification
information sent by the first network node or the network
administration and maintenance entity, send a timing modi-
fication request message to the first network node or the
network administration and maintenance entity;

and/or,

the sender 1103 1s further configured to: before the
receiver 1102 recerves the uplink resource information of the
user equipment sent by the first network node, send an
acquisition request message for the uplink resource infor-
mation of the user equipment to the first network node.

Optionally, the uplink resource information includes: a
transmit power value of the user equipment; and

the sender 1103 is specifically configured to: when the
processor 1101 detects the uplink signal of the user equip-
ment, and detects that a difference between the transmait
power value of the user equipment and a power value of the
uplink signal 1s less than a preset threshold, send the
proximity information to the first network node.

Optionally, the uplink resource information 1s information
about an uplink resource reserved by the first network node
for the user equipment, and at least one feature of the uplink
resource 1s static or semi-static.

Optionally, the proximity information includes a user
identifier of the user equipment or resource information used
by the user equipment.

FIG. 12 1s a schematic structural diagram of Embodiment
2 of a first network node according to the present invention.
As shown 1n FIG. 12, a first network node 1200 provided in
this embodiment includes: a sender 1201, a receiver 1202,
and a processor 1203, where:

the sender 1201 1s configured to send timing modification
information to a second network node, where the timing
modification information 1s used by the second network
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node to determine modified timing of the second network
node according to the timing modification information;
the sender 1201 1s further configured to send uplink
resource information of user equipment to the second net-
work node;

the recerver 1202 1s configured to receive proximity
information sent by the second network node, where the
proximity information 1s obtained, by the second network
node by performing detection on an uplink signal of the user
equipment by using the modified timing and according to the
uplink resource information, when the second network node
detects proximity of the user equipment; and

the processor 1203 1s configured to instruct, according to
the proximity information sent by the second network node
and received by the receiver 1202, the user equipment 1n
proximity to the second network node to perform measure-
ment or handover.

The cell discovery apparatus provided 1n this embodiment
of the present mvention may be configured to execute the
technical solution 1n the embodiment of the cell discovery
method shown 1 FIG. 3. An implementation principle and
a technical eflect of the apparatus are similar, and are not
described 1n detail again herein.

Optionally, the timing modification mnformation mcludes
at least one of the following information:

a distance value between the second network node and the
first network node;

a timing advance of at least one user equipment handed
over from the first network node to the second network node;

a timing advance of a position, 1n the second network
node, of the user equipment served by the first network
node; and

timing of the second network node.

Optionally, the receiver 1202 i1s further configured to:
betore the sender 1201 sends the timing modification nfor-
mation to the second network node, receive a timing modi-
fication request message sent by the second network node;

and/or,

the receiver 1202 1s further configured to: before the
sender 1201 sends the uplink resource information of the
user equipment to the second network node, receive an
acquisition request message that 1s sent by the second
network node for the uplink resource information of the user
equipment.

Optionally, the uplink resource information includes: a
transmit power value of the user equipment.

Optionally, the uplink resource information is information
about an uplink resource reserved by the first network node
tor the user equipment, and at least one feature of the uplink
resource 1s static or semi-static.

Optionally, the proximity information includes a user
identifier of the user equipment or resource information used
by the user equipment.

A person of ordinary skill in the art may understand that
all or some of the steps of the method embodiments may be
implemented by a program instructing relevant hardware.
The program may be stored 1n a computer readable storage
medium. When the program runs, the steps of the method
embodiments are performed. The foregoing storage medium
includes: any medium that can store program code, such as
a ROM, a RAM, a magnetic disk, or an optical disc.

Finally, it should be noted that the foregoing embodiments
are merely mtended for describing the technical solutions of
the present invention, but not for limiting the present inven-
tion. Although the present invention 1s described 1n detail
with reference to the foregoing embodiments, persons of
ordinary skill 1n the art should understand that they may still
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make modifications to the technical solutions described in
the foregoing embodiments or make equivalent replace-
ments to some or all technical features thereof, without
departing from the scope of the technical solutions of the
embodiments of the present invention.

What 1s claimed 1s:

1. A cell discovery method, comprising:

determining, by a second network node, modified timing,

of the second network node according to acquired
timing modification information, wherein the modified
timing of the second network node 1s based at least n
part on a cyclic prefix length value of a position of a
user equipment (UE);

receiving, by the second network node, uplink resource

information of user equipment sent by a first network
node;

performing, by the second network node, detection on an

uplink signal of the user equipment by using the
modified timing and according to the uplink resource
information; and

when detecting proximity of the user equipment accord-

ing to a transmit power value of the UE and a power
value of the uplink signal, sending, by the second
network node, proximity information to the first net-
work node.

2. The method according to claim 1, wherein before
determining, by a second network node, modified timing of
the second network node according to acquired timing
modification information, the method further comprises:

recerving, by the second network node, the timing modi-

fication information sent by the first network node or a
network administration and maintenance entity.

3. The method according to claim 2, wherein:

the timing modification information comprises: a distance

value between the second network node and the first
network node; and

determining, by a second network node, modified timing,

of the second network node according to acquired
timing modification mformation comprises:
determining, by the second network node according to
the distance value, a timing advance of a position, 1n
the second network node, of the user equipment
served by the first network node, and
determining, by the second network node, the modified
timing according to timing of the first network node
and the timing advance.

4. The method according to claim 3, wherein before
determining, by a second network node, modified timing of
the second network node according to acquired timing
modification information, the method further comprises:

recerving, by the second network node, the timing of the

first network node sent by the first network node.

5. The method according to claim 2, wherein:

the timing modification information comprises: a timing

advance of at least one user equipment handed over
from the first network node to the second network
node; and

determining, by a second network node, modified timing,

of the second network node according to acquired

timing modification mformation comprises:

determining, by the second network node according to
the timing advance, a timing advance of a position,
in the second network node, of the user equipment
served by the first network node, and

determining, by the second network node, the modified
timing according to timing of the first network node
and the determined timing advance.
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6. The method according to claim 2, wherein:

the timing modification information comprises: timing of

the second network node; and

determining, by a second network node, modified timing,
of the second network node according to acquired
timing modification mformation comprises:

using, by the second network node, recerved timing of

the second network node as the modified timing.

7. The method according to claim 2, wherein:

betfore recerving, by the second network node, the timing
modification mnformation sent by the first network node
or a network administration and maintenance entity, the
method further comprises:
sending, by the second network node, a timing modi-

fication request message to the first network node or
the network administration and maintenance entity;
and/or

before receiving, by the second network node, uplink
resource mnformation of user equipment sent by a first
network node, the method further comprises:
sending, by the second network node, an acquisition

request message for the uplink resource information
of the user equipment to the first network node.

8. A cell discovery method, comprising:

sending, by a first network node, timing modification
information to a second network node, wherein the
timing modification information 1s used by the second
network node to determine modified timing of the
second network node according to the timing modifi-
cation information, wherein the modified timing of the
second network node 1s based at least 1n part on a cyclic
prefix length value of a position of a user equipment
(UE);

sending, by the first network node, uplink resource infor-
mation of user equipment to the second network node;

receiving, by the first network node, proximity informa-
tion sent by the second network node, wherein the
proximity mnformation i1s obtained by the second net-
work node by performing detection on an uplink signal
of the user equipment by using the modified timing and
according to the uplink resource information, when the
second network node detects proximity of the user
equipment according to a transmit power value of the
UE and a power value of the uplink signal; and

instructing, by the first network node according to the
proximity information, the user equipment 1n proximity
to the second network node to perform measurement or
handover.

9. The method according to claim 8, wherein the timing
modification nformation comprises at least one of the
following information:

a distance value between the second network node and the

first network node;

a timing advance of at least one user equipment handed
over from the first network node to the second network
node;

a timing advance of a position, 1n the second network
node, of the user equipment served by the first network
node; and

timing of the second network node.

10. The method according to claim 8, wherein:

before sending, by a first network node, timing modifi-
cation information to a second network node, the
method further comprises:
receiving, by the first network node, a timing modifi-

cation request message sent by the second network
node; and/or
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before sending, by the first network node, uplink resource
information of user equipment to the second network
node, the method further comprises:
receiving, by the first network node, an acquisition

request message, sent by the second network node,
for the uplink resource information of the user equip-
ment.

11. A second network node, comprising:

a processor, configured to determine modified timing of
the second network node according to acquired timing
modification information, wherein the modified timing
of the second network node 1s based at least in part on
a cyclic prefix length value of a position of a user
equipment (UE);

a receiver, configured to recerve uplink resource informa-
tion of user equipment sent by a first network node;
wherein the processor 1s further configured to perform
detection on an uplink signal of the user equipment by
using the modified timing and according to the uplink

resource information received by the recerver; and

a sender, configured to: when the processor detects prox-
imity of the user equipment according to a transmit
power value of the UE and a power value of the uplink

signal, send proximity information to the first network
node.
12. The second network node according to claim 11,
wherein the receiver 1s further configured to:
before the processor determines the modified timing of
the second network node according to the acquired
timing modification information, receive the timing
modification information sent by the first network node
or a network administration and maintenance entity.
13. The second network node according to claim 12,
wherein:
the timing modification information comprises: a distance
value between the second network node and the first
network node; and
the processor 1s configured to:
determine, according to the distance value, a timing
advance of a position, 1n the second network node, of
the user equipment served by the first network node,
and
determine the modified timing according to timing of
the first network node and the timing advance.
14. The second network node according to claim 13,
wherein the receiver 1s further configured to:
before the processor determines the modified timing of
the second network node according to the acquired
timing modification information, receive the timing of
the first network node sent by the first network node.
15. The second network node according to claim 12,
wherein:
the timing modification information comprises: a timing
advance of at least one user equipment handed over
from the first network node to the second network
node; and
the processor 1s configured to:
determine, according to the timing advance, a timing
advance of a position, 1n the second network node, of
the user equipment served by the first network node,
and
determine the modified timing according to timing of
the first network node and the determined timing
advance.
16. The second network node according to claim 12,
wherein:
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the timing modification information comprises: timing of to the uplink resource information and when the second
the second network node; and network node detects proximity of the user equipment
the processor is configured to use received timing of the according to a transmit power value of the UE and a

power value of the uplink signal; and
a processor, configured to instruct, according to the prox-

imity information sent by the second network node and
received by the recerver, the user equipment 1n prox-
imity to the second network node to perform measure-
ment or handover.
o 19. The first network node according to claim 18, wherein
the timing modification mformation comprises at least one
of the following information:
a distance value between the second network node and the
first network node;
a timing advance of at least one user equipment handed
over from the first network node to the second network

node;
a timing advance of a position, 1n the second network

second network node as the modified timing.

17. The second network node according to claim 12, >

wherein:

the sender 1s further configured to: before the receiver
receives the timing modification information sent by
the first network node or the network administration
and maintenance entity, send a timing modification
request message to the first network node or the net-
work administration and maintenance entity; and/or

the sender 1s further configured to: before the receiver
receives the uplink resource information of the user
equipment sent by the first network node, send an 15
acquisition request message for the uplink resource
information of the user equipment to the first network

de.
13n0A %rst network node, comprising; node, of the user equipment served by the first network
a sender, configured to: 20 node; and

timing of the second network node.
20. The first network node according to claim 18,
wherein:

the recerver 1s further configured to: before the sender
sends the timing modification information to the sec-
ond network node, receive a timing modification
request message sent by the second network node;
and/or

the receiver 1s further configured to: before the sender
sends the uplink resource information of the user
equipment to the second network node, receive an
acquisition request message, sent by the second net-
work node, for the uplink resource information of the
user equipment.

send timing modification information to a second net-
work node, wherein the timing modification infor-
mation 1s used by the second network node to
determine modified timing of the second network
node according to the timing modification informa- 2>
tion, and the modified timing of the second network
node 1s based at least 1n part on a cyclic prefix length
value of a position of a user equipment (UE) and
send uplink resource mnformation of user equipment to
the second network node; 30
a receiver, configured to receive proximity information
sent by the second network node, wherein the proxim-
ity information 1s obtained by the second network node
by performing detection on an uplink signal of the user
equipment by using the modified timing and according S I T
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